Protein tyrosine phosphorylation is thought to play an important role in the regulation of neural function. To elucidate the role that protein tyrosine phosphatases (PTPs) may play in the postischemic brain, PTPs ex pressed in regions of the rat brain vulnerable to transient forebrain ischemia were examined. With the reverse transcriptase polymerase chain reaction using degenerate primers, three PTPs, STEP, PTP8, and SH-PTP2, were identified. They were expressed in the hippocampus 12 h after transient ischemia for 20 min. During the reperfu sion period, the mRNA levels of these PTPs were not different from those in sham-operated rats. In contrast, a fourfold increase in the mRNA level of CLtOO (3CH134),
Transient but severe forebrain ischemia occurs in patients following resuscitation from cardiac arrest. Similar ischemia can be experimentally induced in animals and damages specific populations of neu rons. Pyramidal cells in the CA 1 subfield of the hip pocampus are particularly vulnerable and become irreversibly damaged after a few minutes of com plete ischemia. However, no histological changes are apparent until 48 h after the circulation has been restored (Pulsinelli and Brierley, 1979; Kirino, 1982; Pulsinelli et aI., 1982) . Although oxidative a PTP that is inducible by oxidative stress, was detected by Northern blotting in the hippocampus and cerebral cortex 1 h after the onset of reperfusion. In situ hybrid ization . histochemistry showed a slight increase in the level of CLtOO mRNA in neuronal cells in the hippocam pus and cortex of postischemic rats compared to control rats. These findings suggest that PTPs play a role in the normal function of the hippocampus and cerebral cortex and demonstrate that ischemia induced CLlOO expres sion. Key Words: Brain ischemia-CLlOO--Degenerate primers-Polymerase chain reaction-Protein tyrosine phosphorylation-Oxidative stress. stress and excessive activation of glutamate recep tors are thought to be involved (Coyle and Putt farcken, 1992) , the molecular and cellular basis of the selective vulnerability of CAl neurons and their delayed neuronal death after a brief period of isch emia are not fully understood.
The phosphorylation of proteins at tyrosine resi dues is critical in cellular signal transduction, neo plastic transformation, and control of the mitotic cycle (Ullrich and Schlessinger, 1990; Schlessinger and Ullrich, 1992) . In the gerbil brain, the amount of tyrosine-phosphorylated proteins increases after forebrain ischemia (Taguchi et aI., 1993) . Tyrosine kinase inhibitors block the tyrosine phosphoryla tion of the mitogen-activated protein (MAP) kinase (Pelech and Sanghera, 1992; Blenis, 1993) and pre vent delayed neuronal death after forebrain isch emia (Kindy, 1993) . These observations suggest that tyrosine phosphorylation plays an important role in delayed neuronal death.
Tyrosyl-group phosphorylation is regulated by the interaction of protein tyrosine kinases and pro tein tyrosine phosphatases (PTPs). Two types of PTPs have been described so far: transmembrane receptor-and cytoplasmic non-receptor-type en zymes (Hunter, 1989; Fischer et aI., 1991; Brauti gan, 1992; Charbonneau and Tonks, 1992) . Tyro sine phosphatase activities detected in the brain (Jones et aI., 1989) , include RPTP ex (Kaplan et aI., 1990; Sap et aI., 1990) , RNPTPX (Guan et aI., 1990) , STEP (Lombroso et aI., 1991) , SH-PTP2 (Freeman et aI., 1992) , DPTP99A, and DPTPIOD (Yang et aI., 1991) . To clarify the role that PTPs play in the brain after ischemia, we determined which PTPs are induced by transient forebrain isch emia in the rat brain. We also assessed whether or not CLlOO, a PTP that is inducible by oxidative stress and heat shock in human skin fibroblasts (Keyse and Emslie, 1992) , is induced. By using de generate primers and the reverse-transcriptase polymerase chain reaction, we found that three PTPs as well as CLIOO were expressed in the post ischemic hippocampus and cerebral cortex. The ex pression of CLlOO, but not that of the other three PTPs, increased I h after the onset of reperfusion.
MATERIALS AND METHODS

Induction of ischemia in rats
Wistar rats (male, 250-to 300-g body weight) were ob tained from Japan SLC Co. (Hamamatsu, Japan). To pro duce transient forebrain ischemia, the four major arteries were occluded as described by Pulsinelli and Brierley (1979) . On day 1, rats were anesthetized with pentobar bital and both vertebral arteries were electrocauterized. Both common carotid arteries (CCAs) were then isolated without interrupting carotid blood flow, and loose liga tures were placed around the CCAs. On day 2, while the rats were conscious, their CCAs were clipped for 20 min. Restoration of carotid blood flow was confirmed by direct observation. Body temperature was monitored with a rec tal thermistor and maintained at 37.0-38.0°C throughout the ischemic period. Only the rats that lost the righting reflex within 1 min after the carotid clipping were used in this experiment. Animals that exhibited seizures during or after ischemia were discarded. The rats were decapi tated 1, 3, 6, 9, 12, 24 , and 48 h after the onset of reper fusion (N = 4 in each group). Four rats were sham operated (cauterization of both vertebral arteries and iso lation but not clipping of CCAs). Another four rats underwent no surgery and served as another control group.
RNA extraction and Northern blot hybridization
The hippocampus and the cerebral cortex of rats were homogenized in 4 M guanidinium thiocyanate, and RNA was extracted by centrifugation in cesium chloride (Sam brook et aI., 1989) . Ten micrograms of total RNA was electrophoresed in a 1 % agarose/formaldehyde gel and transferred to a nylon membrane (Hybond-N+; Amer-J Cereb Blood Flow Metab, Vol. 15, No. 1, 1995 sham, Buchkinghamshire, UK). The membranes were hybridized with [u-32p]dCTP-labeled random-primed PTP probes and then rehybridized with l3-actin and S26 ribo somal protein probes. The level of mRNA was quantified using a densitometer and normalized by the l3-actin ex pression. Statistical analysis was performed by one-way analysis of variance, Fisher's exact probability test, and Student's unpaired t test.
RT-PCR and cloning of PTPs cDNA was prepared from the hippocampal RNA of an ischemic rat killed 12 h after the start of reperfusion. A single-stranded cDNA library was made using a commer cial kit (First Strand cDNA Synthesis Kit; Pharmacia LKB Biotechnology, Piscataway, NJ, U.S.A.) following the manufacturer's instructions. Degenerate oligonucleo tides, sense, 5'-AA(A/G)TG(C/T)IIIIAITA(C/T)TGG-3', and antisense, 5'-CCIGCI(C/G)(A/T)(A/G)CA(A/G) TGIAC-3' (I = inositol), corresponding to the conserved catalytic domain sequences of PTPs were constructed (Sambrook et aI., 1989; Yi et aI., 1991; Kaneko et aI., 1993) . An aliquot of the cDNA was amplified with the sense and antisense primers for 30 cycles at 94, 39, and noc for periods of 1, 2, and 3 min, respectively, for each cycle. The PCR mixture contained 8 flomol of each sense and antisense primer, 2 nmol of each deoxyribonucle otide, and 0.4 U of Taq DNA polymerase (Promega Cor poration, Madison, WI, U.S.A.) in 100 floL of the buffer supplied by the manufacturer. A PCR fragment -300 base pairs in length was excised from a 1% agarose gel, purified, and cloned into the EcoRV site with single 3' T-overhangs of vector pBluescript SK( -) (Stratagene, La Jolla, CA, U.S.A) by TA cloning (Marchuck et aI., 1990) . The TA cloning method takes advantage of the non-template-dependent activity of Taq DNA polymerase used in PCR that adds single deoxyadenosines to the 3' end of PCR products. The DNA sequence of each ampli fied cDNA was determined by dideoxy sequencing (Sam brook et aI., 1989) .
Two oligonucleotides, sense, 5' -GCAAG TCTTCTT TCTCCAAGG-3', and antisense, 5'-TGCTTCACAAAC TCAAAGGC-3', corresponding to human CLlOO nucle otide positions 582-602 and 1103-1084 (Charles et aI., 1992; Keyse and Emslie, 1992) , respectively, were syn thesized and used to isolate the rat CLIOO clone. PCR was done using rat lung cDNA as a template. The result ant PCR fragment was cloned into the EcoRV site with T-overhangs of vector pBluescript SK( -) by TA cloning (Marchuck et aI., 1990) , and the clone was sequenced (Sambrook et aI., 1989) .
In situ hybridization
After 1 h of reperfusion, seven rats were deeply anes thetized with pentobarbital and perfused transcardially with 4% paraformaldehyde in phosphate-buffered saline (PBS). The brains were immediately removed, immersed in the same fixatives, and routinely embedded in paraffin. Three sham-operated and three control rats that did not undergo any surgical procedures were perfused, and their brains were processed in the same way. The in situ hy bridization was done as described previously (Kaneko et aI., 1993; Takemura et aI., 1993) . Sense and antisense RNA probes were synthesized from the rat CL100 cDNA clone. The plasmids were linearized with the appropriate restriction enzymes, then transcribed and labeled with digoxigenin (DIG)-UTP using a DIG RNA Labeling Kit (Boehringer Mannheim Biochemica, Mannheim, Ger many) following the manufacturer's instructions. Before hybridization, sections were dewaxed with chloroform and rehydrated through a graded series of ethanol con centrations: 100, 90, 80, and 70% ethanol, followed by PBS, twice. The sections were then postfixed with 4% paraformaldehyde in PBS and treated with 0.2 N HCI to inactivate the tissue alkaline phosphatase, acetylated with 0.25% acetic anhydride in 0.1 M triethanolamine HCI, dehydrated with ethanol, and air-dried. The hybrid ization solution contained 50% formamide, 10% dextran sulfate, 1 x Denhardt's solution, 600 mM NaCl, 10 mM dithiothreitol, 0.25% sodium dodecyl sulfate, 200 fLg/ml of Escherichia coli transfer RNA and about 0.5 fLg/ml of DIG-labeled antisense RNA probes. Fifty microliters of hybridization solution was placed on each section, which was then covered with Parafilm (American National Can, Greenwich, CT, U.S.A.), and incubated at 60°C for 16 h in a moist chamber. After hybridization, the Parafilm was dislodged by a brief wash with 5 x SSC (1 x SSC = 0.15 M sodium chloride and 0.015 M sodium citrate) and with 50% formamide containing 2 x SSC for 30 min at 50°C. RNase-A digestion (5 fLg/ml) was carried out at 37°C for 30 min. The sections were washed twice with 2x SSC and once with 0.2x SSC, for 20 min each at 50°C. lmmuno detection was performed using a Nucleic Acid Detection Kit (Boehringer) following the manufacturer's instruc tions. The sections were incubated with the Fab fragment of anti-DIG-alkaline phosphatase-conjugated antibody (Boehringer Mannheim). After nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate color reactions, the slides were rinsed with 10 mM Tris-HCI (pH 8.0) containing 1 mM EDTA and mounted. Controls consisted of hybridization with the sense (mRNA) probe under the same conditions as described above. As another control, the slides were hybridized with a mixture of 0.5 fLg/ml DIG-labeled antisense probe and an excess of nonlabeled antisense probe. No signal was seen in these control ex periments.
RESULTS
Isolation of PTP clones
Seventy-six PCR-amplified cDNA clones were isolated from the rat hippocampal cDNA library and sequenced. Forty-seven of these clones con tained the consensus sequences found in PTPs. They represented one of three cDNA sequences; PTP 1, PTP 4, and PTP 63 sequences were found in 7, 35, and 5 clones, respectively. All three were highly homologous or identical to known PTPs. The predicted amino acid sequences of these PTP frag ments are shown in Fig. 1a . PTP 1 was identical to STEP (Lombroso et aI., 1991) , a cytoplasmic PTP cloned from a rat striatal cDNA library. PTP 4 had 91.8 and 92.4% identity in nucleic acid and amino acid sequences, respectively, to MPTP& (Mizuno et aI., 1993) . PTP 63 was 94.2 and 96.5% identical in amino acid sequence to rat SH-PTP2 and human SH-PTP2, respectively (Freeman et aI., 1992) ( Fig.  1b ). Five residues differed between PTP 63 and rat SH-PTP2, and all of those in PTP 63 were identi cal to the corresponding residues of human SH PTP2. Thus, it is likely that PTP 63, rather than rat SH-PTP2, is the rat counterpart of human SH PTP2.
The nucleotide sequence of the rat homologue of CLlOO is shown in Fig. 2 . This PCR-amplified cDNA fragment was 521 base pairs in length. This clone was 90.8 and 95.4% homologous in nucleic acid sequence to the corresponding regions of CL100 (Keyse and Emslie, 1992) and 3CH134 (Charles et aI., 1992) , respectively, the latter being the mouse counterpart of CLIOO. In amino acid se- 
FIG. 2. Nucleotide and predicted
amino acid sequences of rat CL 100 partial cDNA. Rat CL 100 was iso lated from a lung cDNA library by RT-PCR. Nucleotides are num bered on the left beginning at the first nucleotide of the cDNA clone. This PCR-amplified cDNA fragment corresponds to nucleotides 583-1103 of human CL 100 (Keyse and Emslie, 1992) . The asterisk indi cates residues different from those of human CL100.
quence, this clone was 98.2% homologous to CLtOO and 98.8% to 3CH134 (data not shown).
PTP expression after forebrain ischemia
Northern blotting showed that PTP 1 (STEP) hy bridized with a single mRNA band of 4.4 kb from the hippocampus (Fig. 3) . Following transient fore brain ischemia, PTP 1 mRNA expression in the hip pocampus did not change during the 48-h observa tion period compared with those of sham-operated and control rats. Although Lombroso et al. (1991) found 4.4-and 3-kb STEP mRNAs in the central nervous system, we could not detect the latter un der the present conditions. In the cerebral cortex, the size and expression of PTP 1 mRNA were the same as in the hippocampus (data not shown).
PTP 4 (the rat homologue of MPTPS) was ex pressed as a single 7-kb transcript in the hippocam pus ( Fig. 3) . Although Mizuno et al. (1993) reported three species of mRNA 7 kb in size, we detected only one. Following transient forebrain ischemia, PTP 4 mRNA expression did not change during the 48-h observation period either in the hippocampus or in the cerebral cortex (data not shown).
PTP 63, a probable rat homologue of human SH PTP2, was expressed as a single 6-kb transcript both in the hippocampus (Fig. 3 ) and in the cerebral cortex (data not shown). Human SH-PTP2 is also reportedly expressed as a 6-kb transcript (Freeman et al., 1992) . Following transient forebrain isch emia, PTP 63 mRNA expression did not change during the 48-h observation period either in the hip pocampus or in the cerebral cortex (data not shown).
Northern blots showed that CLI00 was ex pressed in both the hippocampus and the cerebral cortex of control, sham-operated, and postischemic J Cereb Blood Flow Me/ab, Vol. 15, No. 1, 1995 rats ( Figs. 4 and 5) . The 2.4-kb transcript was com patible with that of human CLI00 (Keyse and Emslie, 1992) . In both the hippocampus and the ce rebral cortex, the expression of CLI00, after nor malization with that of l3-actin, was increased 1 h after the onset of reperfusion. Densitometric anal ysis of the Northern blots showed that the level of CLtOO mRNA expression in the hippocampus of postischemic rats was 2.7 ± 0.6-fold (p < 0.01) and 4.1 ± 1.0-fold (p < 0.01) higher than those of the sham-operated and control rats, respectively (n = 4). In the cerebral cortex of postischemic rats, the level of CLtOO mRNA expression was 3.6 ± 1.2fold (p < 0.01) and 3.7 ± 1.0-fold (p < 0.01) higher than those of sham-operated and control animals, respectively (n = 4). CLI00 expression returned to the control level 3 h after the onset of reperfusion. , 3, 6, 9, 12,24 , and 48 h after the onset of reperfusion, respectively.
Although changes in the level of �-actin mRNA have been observed by in situ hybridization in the postischemic gerbil brain (Xie et aI., 1989; Asanuma et aI., 1993) , no change in the �-actin level com pared with that of S26 ribosomal protein (Vincent et aI., 1993) was apparent under the present conditions ( Figs. 4 and 5) .
In summary, CLI00, STEP, MPTP5, and SH- , 3, 6, 9, 12, 24 , and 48 h after the onset of reperfusion, respectively.
PTP2 were expressed in both the cerebral cortex and the hippocampus of normal rats as well as in those of rats after transient forebrain ischemia. Ex pression of the CLlOO mRNA, but not of the other three PTPs, increased 1 h after the onset of reper fusion in both the hippocampus and the cerebral cortex of the postischemic rats.
CLlOO expression detected by in situ hybridization
In the control rat brain, positive signals were de tected in cells of every hippocampal pyramidal sub field, granular cells of the dentate gyrus, cells of cerebral cortical layers II-VI, and layers II and III of the pyriform cortex, medial and lateral thalamus, hypothalamus, and amygdala ( Fig. 6 and data not shown). Probing with neither the DIG-labeled sense RNA of the corresponding region nor the DIG labeled antisense RNA in the presence of excess nonlabeled antisense RNA resulted in such signals (data not shown). To confirm the identity of the signals, we extracted total RNA from the thalamus and hypothalamus and from the striatum sepa rately. Northern hybridization detected the expres sion of CLlOO in these regions (data not shown).
In the postischemic brain after 1 h of reperfusion, the sites of expression were identical to those of the control rats (Fig. 6 ). Some increases in the level of expression compared to brains of sham-operated rats were noted in the dentate gyrus granular cells, dentate gyrus hilar cells, and hippocampal CAl, CA2, and CA3 pyramidal cells, and some diffuse increases were detected in each layer of the cere bral cortex. The changes observed by in situ hybrid ization in the postischemic brains compared to those of sham-operated rats were, however, much less than those detected by Northern blot analysis. Although precise dissection of the hippocampus is difficult, so that the Northern blots may be mislead ing, those of the cortex should be representative. Therefore, this discrepancy is probably due to the sensitivity of the in situ hybridization method em ployed. Using serial sections and immunostaining for glial fibrillary acidic protein, we identified glia and performed in situ hybridization. No expression of CL I 00 was detected in glial cells before or after ischemia under the present conditions (data not shown). The cells expressing CLlOO in the hippo campus appeared to be neuronal, and this persisted following ischemia.
DISCUSSION
We isolated by RT-PCR three PTP genes, STEP, MPTP5, and SH-PTP2, from a hippocampal cDNA library of rats exposed to transient forebrain isch emia. To identify these PTPs, we selected two :.t� . amino acid sequences conserved in most known PTPs and made redundant oligonucleotide primers from them. Since both MPTP and CLlOO, which are ex pressed in the brain (Charles et aI., 1992; Mosinger et al., 1992) , do not contain these consensus se quences, KCX(Y/H/Q/N/LlD/E)YW and VHCSAG (Yi et aI., 1991) , they were not isolated. RPTPCl, RPTPI3, RPTP,)" RNPTPX, and PTP2C contain both of the consensus sequences and are expressed in the brain (Guan et aI., 1990; Kaplan et aI., 1990; Ahmad et aI., 1993) , but they were not isolated in the pre sent study. Whether these genes are not expressed in the 12-h postischemic hippocampus remains un known. Longer, more degenerate oligonucleotide J Cereb Blood Flow Metab, Vol. 15, No. 1, 1995 primers might have detected these and additional PTPs, as might the use of different conserved se quence motifs for the derivation of primers. PTPs are topologically classified into cytoplasmic and transmembrane enzymes. Among the PTPs iso lated here, MPTPB encodes a transmembrane re ceptor-type PTP with two catalytic domains. The MPTPB gene appears to generate at least three spe cies of mRNA, which differ in the compositions of their extracellular IgG-like and fibronectin III-like domains (Mizuno et aI., 1993) . The types of mRNA expressed in the hippocampus and cerebral cortex remain to be determined. The other three PTPs, STEP, SH-PTP2, and CLlOO, belong to the cyto-plasmic type. STEP has a potential amino-terminal myristoylation site and can attach to the membrane (Lombroso et aI., 1991) . SH-PTP2 contains two src homology 2 (SH2) domains amino-terminal to its one PTP catalytic domain, and it is suggested to interact with raf serine/threonine kinase (Freeman et aI., 1992) . The function of these PTPs in the brain is unknown, and the levels of all PTPs, except CLlOO, did not change in the hippocampus or in the cerebral cortex after forebrain ischemia. CLlOO is a member of a novel subfamily of PTPs including VHI, YVHI, PAC-I, VHR, and DALI-A (Char bonneau and Tonks, 1992) that are structurally dif ferent from the classical PTPs exemplified by PTP-1B and have dual specificities, dephosphorylating both tyrosine and serine/threonine residues in sub strates in vitro. Members of this subfamily are in ducible by various stimuli such as nitrogen starva tion (Guan et aI., 1992) and mitogens (Rohan et aI., 1993) . In human skin cells, CLlOO is highly induc ible by oxidative stress and heat shock, but not by DNA-damaging treatments (Keyse and Emslie, 1992) . 3CH134, a mouse homologue of CLlOO, is rapidly and transiently expressed during the GoIG1 transition of the cell cycle and is inducible by mito gens such as serum, platelet-derived growth factor, fibroblast growth factor, and phorbol esters (Charles et aI., 1992) . Both cholera toxin, which elevates cAMP, and isobutylmethylxanthine, which inhibits phosphodiesterase activity, stimulate 3CH134 expression, while the calcium-ionophore A23187 has no detectable effect (Charles et aI., 1992) .
In the gerbil, 5 min of CCA occlusion causes de layed neuronal death (Kirino, 1982) , and preisch emic treatment with pyran-conjugated superoxide dismutase protects against the delayed neuronal death of the hippocampal CA 1 pyramidal cells (Kitagawa et aI., 1990) . Mice transgenic for and overexpressing superoxide dismutase are less vul nerable than controls to ischemic brain damage (Chan et aI., 1993) . This and other evidence sug gests that excessive levels of oxygen free radicals are generated during early reperfusion and lead to selective neuronal degeneration (Hall and Braugh ler, 1989; Coyle and Puttfarcken, 1992; White et aI., 1993) . In the gerbil cerebral cortex, the level of cAMP increases after ischemia and 5 min of reper fusion (Kobayashi et aI., 1977) . Thus, the increase in the level of oxygen radicals and cAMP early after transient forebrain ischemia may be responsible for the observed increase in CLlOO level in the hippo campus and cerebral cortex. In human skin fibro blasts, the elevated level of CLlOO mRNA persists for 6 h after oxidative stress (Keyse and Emslie, 1992 ). In the present study, the elevated expression of CLlOO as detected by Northern blotting contin ued for <3 h (Figs. 4 and 5) . The duration of ele vated expression may be dependent on the tissues and/or the inductive stimuli. By in situ hybridiza tion, an increase in the level of CLI00 mRNA was observed in the neuronal cells of the hippocampus and cerebral cortex of the postischemic compared to the control brains. c-fos mRNA is known to be induced in similar regions of the rat brain 1 h after 20 min of transient forebrain ischemia (Wessel et aI., 1991) . Like CLlOO, c-fos mRNA is inducible by growth factors, phorbol esters, and heat shock (re viewed by Morgan and Curran, 1991) . In contrast to c-fos, which shows a second peak of mRN A expres sion in CAl pyramidal cells after ischemia (Jjijr gensen et aI., 1989; Wessel et aI., 1991) , no second peak of CLI00 expression was detected, which sug gests that the regulatory mechanism of CL100 ex pression in the postischemic brain is different from that of c-fos.
In the course of delayed neuronal death, signifi cant increases in the levels of phosphotyrosyl pro teins have been reported. In the 5-min CCA-clipped gerbil model, the level of phosphotyrosyl proteins increases in the hippocampus 3 h after ischemia and returns to normal after 2-7 days (Taguchi et aI., 1993) . MAP kinase is rapidly and transiently tyro sine-phosphorylated in the hippocampus. This peaks 1 min after reperfusion, while MAP kinase protein levels do not change during the same period (Campos-Gonzalez and Kindy, 1992) . Furthermore, the tyrosine kinase inhibitors, genistein and laven dustin A, block both the tyrosine phosphorylation of MAP kinase and the delayed neuronal death in the CAl subfield of the hippocampus (Kindy, 1993) . These observations suggest that tyrosine phosphor ylation in the ischemic brain is important for neu ronal damage and that MAP kinase plays a role in the onset of delayed neuronal death. CLI00/ 3CH 134 has a high degree of substrate selectivity, with a preference for p42MAPK in vitro (Alessi et aI., 1993; Charles et aI., 1993; Sun et aI., 1993) . Fur thermore, CLlOO/3CH134 blocks the phosphoryla tion and activation of p42MAPK mediated by serum, oncogenic ras, or activated rafin vivo (Alessi et aI., 1993; Sun et aI., 1993) . Although CLlOO may de phosphorylate p42MAPK and regulate its function in the postischemic brain, increases in the level of its expression were observed in cells destined both to die (CAl and CA3 cells) and to survive (dentate gyrus). The role played by CLlOO in the brain dur ing the reperfusion period thus remains to be deter mined.
VHR, a PTP that is structurally a close relative of CLI00, dephosphorylates the keratinocyte growth factor receptor (Ishibashi et aI., 1992) . In the brain, multiple receptor-type protein tyrosine kinases in cluding TrkA, TrkB, TrkC, insulin-like growth fac tor receptor, and fibroblast growth factor receptor as well as cytoplasmic protein tyrosine kinases are expressed (White et aI., 1993) . The possibility that CL100 dephosphorylates these protein tyrosine ki nases and affects their activities should also be ex plored.
